Edge Impulse Wake Word Model Training | Tech Roundup

Today, we will walk you step by step through learning how to train a voice keyword
model and deploy it to embedded hardware, using the Edgi-Talk platform to adapt
Edge Impulse, Of course, the principles also apply generally to other ARM embedded
platforms. Let's see how to get Edgi-Talk started with edge machine learning!

Edge Impulse Introduction

Edge Impulse is the leading-edge Al development platform, dedicated to helping
developers, engineers, and enterprises quickly deploy smart Al to any edge device (such
as microcontrollers, sensors, and loT hardware).

You can easily collect sensor data, build datasets, train and optimize machine
learning models, then deploy with one click to thousands of hardware ecosystems
worldwide, without needing deep Al expertise to achieve rapid prototyping and
commercialization.

1 Create an Account

Steps:

1. Login to Edge Impulse, https://edgeimpulse.com/
2. Register an account;

3. Via create new project create a project
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2 Record Dataset

1.Flash Edgi-Talk dev board with the UAC firmware, used for collecting audio data: uac-
firmware.hex; (Link: https://github.com/RT-Thread-Studio/sdk-bsp-psoc_e84-edgi-
talk/releases/download/1.1.0/uac-firmware.hex)

Steps to flash firmware via ModusToolbox Programmer

1.

Launch the app

"C:\Infineon\Tools\ModusToolboxProgtools-1.9\mtb-programmer\mtb-
programmer.exe"

2.

6.

7.

Connect the board — plug the USB cable into the DAP port (this is what powers
the board and lets the programmer talk to it).

Check the top settings bar — it should auto-populate:
o Programmer/Board ID: KIT_PSE84_EVAL_EPC2-BULK-...
o Board Name: KIT_PSE84_EVAL_EPC2
o Device: PSE846GPS2DBZC4A
Click "Connect" (top toolbar) to establish the connection to the board.

Open the Settings panel (should show automatically, or click the gearicon) and
set:

o File » browse to your .hex firmware file (e.g.
C:\Users\User\Downloads\uac-firmware.hex)

o Reset Chip > [4 ticked

o External Memory -~ ticked (this was the critical step) — without this,
the tool won't set up the external QSPI flash region and the write will
silently fail with "wrote 0 bytes"

o Flashloader - leave as "Default" (it auto-selects the right one once
External Memory is ticked)

Click "Program" in the top toolbar.
Check the Log panel at the bottom for success — look for:

o Info: flash'cmsis_flash' found at 0x60000000 (confirms the QSPI bank
was set up)

o Info:wrote XXXXX bytes from file ... where XXXXXis a real nonzero
number


https://github.com/RT-Thread-Studio/sdk-bsp-psoc_e84-edgi-talk/releases/download/1.1.0/uac-firmware.hex
https://github.com/RT-Thread-Studio/sdk-bsp-psoc_e84-edgi-talk/releases/download/1.1.0/uac-firmware.hex

o Info:** Programming Finished **

8. Unplug the DAP cable, plug the cable into the "USB" port instead — this is the

board's application-side data port, separate from the programmer port, and it's
what shows up as a working audio device to your PC once the new firmware is
running.

2. Verifying the board shows up as a microphone

1.

Make sure the cable is plugged into the "USB" port on the board (not DAP) —
this only works with the application-side port connected.

Open Sound settings via Control Panel:

o Right-click the speaker icon in your Windows taskbar > Sound settings
(or Sounds), OR

o Open Control Panel » Sound

Click the "Recording" tab.



4. Lookforanew entry: For example, Microphone

? Sound X
Playback Recording Sounds Communications

Select a recording device below to modify its settings:
( Headset
AirPods
~SA® Disconnected
S —
Microphone
Audio Control
Default Device —_
( Headset
EDIFIER X2 Hands-Free
~SA®) Disconnected

Microphone Array

, Senary Audio
Read

ad)

Configure Set Default Properties

Cancel Apply
Confirm it is picking up audio: with that device selected, speak or make noise

near the board — you should see the small level meter (the vertical bars next to
it) move/light up in response, confirming live audio input.

3.Download and open the audio dataset recording software: Audio-recording.exe; (Link:
https://github.com/RT-Thread-Studio/sdk-bsp-psoc_e84-edgi-
talk/releases/download/1.1.0/audio-recording.exe)

audio-recordi
ng



https://github.com/RT-Thread-Studio/sdk-bsp-psoc_e84-edgi-talk/releases/download/1.1.0/audio-recording.exe
https://github.com/RT-Thread-Studio/sdk-bsp-psoc_e84-edgi-talk/releases/download/1.1.0/audio-recording.exe

4.For the audio input device, select: Audio Control (MME) device;
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5.Click Start Recording to make one recording lasting up to 10 seconds; ensure clear
speech during recording — wake word recordings need pauses of 1-2s between
repetitions;

6.After completing one recording, click on the right side "Save Recording" option to save
it;

7.The current sequence number will increment by default; repeat the above steps to
record 20-50 keyword audio files;

8.Ultimately, record two types of audio files: one for the wake word and one for noise;
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3 Data Upload

1. Click add existing data

2. Select upload data
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Start building your dataset or validate your model's on-device performance:
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3. Select and upload the audio folder on your computer; the site will automatically
classify the files based on their filenames (noise, wake word)



Upload data X

You can upload CBOR. JSON, CSV, Parquet. WAV, |PG, PNG, AVl or MP4 files. You can also upload an annotation file named "info.labels” with your data to assign
bounding boxes, labels, and/or metadata. View Uploader docs to learn more. Alternatively, you can use our Python SDK to programmatically ingest data in various
formats, such as pandas or numpy: or import data directly from another project.

For CSV and Parquet files, configure the CSV Wizard to define how your files should be processed before uploading files

noise folder

Upload mode Upload output
Select individual files @ {noise] Uploading 17 files. .. a
[19/35] Uploading noice_992.wav OK
© select afolder ® o [20/35] Uploading noice_093.wav OK

[21/35] Uploading noice_299.wav OK
[22/35] Uploading noice_@11.wav OK
Select files [23/35] Uploading noice_895.wav OK
[24/35] Uploading noice_096.wav OK
[25/35] Uploading noice_817.wav OK
i3 3403 Choose Folder [26/35] Uploading noice_010.wav OK
[27/35] Uploading noice_812.wav OK
[28/35] Uploading noice 888.wav OK

Upload into category [29/35] Uploading noice_@13.wav OK
[30/35] Uploading noice_091.wav OK
© Automatically split between training and testing @ ° [31/35] Uploading noice_804.wav OK

[32/35] Uploading ncice_097.wav OK
[33/35] Uploading noice_814.wav OK
Training [34/35] Uploading noice_816.wav OK
[35/35] Uploading noice_@15.wav OK

Testing ) ) .
Done. Files uploaded successful: 35, Files that failed to upload: .

<

Label
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You can upload CBOR, JSON, CSV, Parquet, WAV, JPG, PNG, AVI or MP4 files. You can also upload an annotation file named "info.labels" with your data to assign
bounding boxes, labels, and/or metadata. View Uploader docs to learn more. Alternatively, you can use our Python SDK to programmatically ingest data in various
formats, such as pandas or numpy; or import data directly from another project.

For CSV and Parquet files, configure the CSV Wizard to define how your files should be processed before uploading files. . .
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4 Data Splitting
Steps:

1. First select the Training list data, click Filter first, and enter our wake word file prefix

to filter out the files we want to work with.

Collect data

TSR P
80% /20% A

Dataset

RAW DATA

noice_015

Training (28

Apply filters (12 e Clear filers
[x] Labels ~ Date added ~ Status ~ Length ~ Frequency ~

xiaorui_002 xiaorui_002 Today, 11:03:08 10s

xiaorui_009 o aorui_009 Today. 11:03:08 1

xiaorui_006 xlaorul_006 Today, 11:03:08 10s

xiaorui_010 xiaorui_010 Today, 11:03:08 10s

xiaorui_019 xigorui_019 Today. 11:03:08 10s

2. After clicking the audio file on the right, select Split sample, and the platform will
split the audio file into roughly 1s audio segments

Apply filters 12 Clear filters
xiaorui [x] | Labels -~ | | Date added - | | Status - | | Length - | | Frequency -

SAMPLE NAME LABEL ADDED LENGTH

xXiaorui_002 xiaorui_002 Today, 11:03:08 10s o

Xiaorui_009 xiaorui_009 Today, 11:03:08 Rename

Edit label

xiaorui_006 Xigorui_006 Today, 11:03:08

Set multiple labels
xiaorui_010 xiaorui_010 day, 11:03:08  Move to test set

Disable
xiaorui_019 xiaorui_019 y 1:03:08

Crop sample
xiaorui_016 xiaorui_016 Today, 11: 3

Split sample o




3. On the audio splitting screen, you can adjust the audio segments to cover the wake
word audio content and play them back to listen and adjust.

[Z Split sample 'xiaorui_002'

(@ Zoom | | +Add Segment Set segment length (ms): RG]

\

» 0:00/0:00 H
Cancel Shift samples @ m

Each rectangle represents a sub-segment extracted by the split. If necessary, you can

adjust the position of the rectangle so it fully covers our wake word audio area, or
add/remove segments as needed.

4. After splitting, the audio files become independent files, and the site will
automatically add a suffix (xxxx_Sn)

I Dataset X o b
’ RAW DATA
Training == & Y = . .
xiaorui_002.s6
Apply filters 1=
Q

xiaorui_002.56
xlaorui_002.55
xiaorui_002.s4
xiaorui_002.53 — ) Today, 1158824 o .
»  0:00 / 0:00 H
xiaorui_002.52 ianru_002 Today. 1124626 . .
xiaorui_002.51

xiaorui_009 Metadata



5. Following the steps above, split all the wake word files

6. Select the Test list data; for the wake word files continue splitting; noise labelled files
don't need to be split.

Data explorer Data sources Synthetic data | Al labeling @ CSV Wizard

DATA COLLECTED TRAIN / TEST SPLIT
4m 31s 1= 74% / 26% &

Dataset X & B
Training (74) o 7Y A
SAMPLE NAME LABEL ADDED LENGTH
noice_001 noice_001 Today. 11:03:10 10s
noice_017 noice_017 Today, 11:03:10 10s
noice_003 noice_003 Today, 11:03:10 10s
R
¥iaorui_012 xiaorui_012 Today, 11:03:08 105
xiaorui_007 e xiaorui_007 Today, 11:0%:08 10s
xiaorui_011 xiaorui_011 Today, 11:03:08 10s
xiaorui_001 Xiaorui_001 Today, 11:03:08 10s
_———



7. Classify the data: following the steps in the image below, divide the dataset into two
main categories: Wake Word + Other.
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5 Model Training
5.1 Create Impulse (Preprocessing/Model Definition)

An "Impulse" here is the term used by Edge Impulse to describe the data processing—
training pipeline.

Create the impulse and set the window size to 1000 ms, and set the window increase to
500 ms (overlapping windows to augment the data), with the frequency set to 16KHz.

These settings mean that each time inference is run, sensor data collection will
complete within 1000 ms, with the exact number of samples determined by the
sampling frequency.

In short, your device will, within a 1000 ms time window, collect N data samples, then
preprocess these samples and feed them into the neural network to obtain the
inference result.

Steps:
1. Click on the left Create impulse

2. Then click Add a processing block to add Audio(MFCCQC)
—
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Add a processing block

¥ Add a processing block X

Did you know? You can bring your own DSP code.

DESCRIPTION AUTHOR RECOMMENDED

Audio (MFCC) ( OFFICIALLY SUPPORTED

Extracts features from audio signals using Mel Frequency Cepstral Edge Impulse [ Add ]
Coefficients, great for human voice.

Audio (MFE) ( OFACIALLY SUPPORTED

Extracts a spectrogram from audio signals using Mel-filterbank energy ~ Edge Impulse [ Add ]
features, great for both voice and non-voice audio.

Spectrogra m OFFICIALLY SUPPORTED

Extracts a spectrogram from audio or sensor data, great for non-voice ~ Edge Impulse [ Add ]
audio or data with continuous frequencies.

Audio (Syntiant) = OFFICIALLY SUPPORTED

Syntiant only. Compute log Mel-filterbank energy features from an Syntiant [ Add ]
audio signal.

Raw Data OFFICIALLY SUPPORTED

Use data without pre-processing. Useful if you want to use deep Edge Impulse [ Add ]
learning to learn features.

Some processing blocks have been hidden based on the data in your project. Show all blocks anyway

3. Adialog box will pop up below; the default configuration is fine:
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# Configure your target device and application budget

Target device

Define your target device requirements to inform model optimizations and performance calculations. No device
Julse takes raw data, USE  yet? Use the default settings which you can change at any time,

— Target device Cortex-M7 216MHz v
|

Processor family Cortex-M v
Clock rate @ 216

tk
Custom device name (optional) ®

Application budget

pase (stride)

Specify the available RAM and ROM for the model's operation, along with the maximum allowed latency for your
specific application. Not sure yet? Start with the defaults and modify them later on.

RAM 340
ROM 1
Latency @ 100

lse Inc. All rights resen

Reset to default settings Cancel B

4. Use MFCC, which uses Mel-Frequency Cepstral Coefficients to extract features from
the audio signal — very useful for human speech.




5. Then click Add a learning block to add the Classification block, which builds our
model from scratch using a convolutional neural network for image classification.
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DESCRIPTION AUTHOR RECOMMENDED

Classification oFfCALLY SUPPORTED

Learns patterns from data, and can apply these to new data. Greatfor ~ Edge Impulse
categorizing movement or recognizing audio.

Regressi oM OFFICIALLY SUPPORTED

Learns patterns from data, and can apply these to new data. Greatfor ~ Edge Impulse
predicting numeric continuous values,

Transfer Learning (Keyword Spetting) orRciaLLy sUsPORTED

Fine tune a pre-trained keyword spotting model on your data. Good Edge Impulse
performance even with relatively small keyword datasets.

6. Finally, click save impulse to save the configuration

assify new data. I
Classification o

Name

Output features O

28 (noice_002, noice_004, noice_005, noice_006,
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noice 011, noice 0 ...
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(v] mrcc

Save Impulse
Output features /
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5.2 Preprocessing (MFCC)

MFCC is a widely used method for converting audio signals into 2D features

representing speech frequency patterns, which are well suited for speech-based
recognition models.

We create spectrogram images from the recorded audio.

Steps:

1. Click MFCC, we can keep the default parameter values.

2. Click Save parameters.
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. Click Generate Features to generate 3 labels' worth of feature data.
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5.3 Model Design and Training (Classifier)

Next, we need to design the model structure and begin training. Steps are as follows:

Steps:

1. Click on the left Classifier, the entire model structure design has already been

configured.

2. Then click Save & Train to start training the model.
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Neural network  Transfer learning
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Last training performance (validation set) (=]
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Metrics (validation set)

Through multiple iterations, model generalization can be improved.

Verified improvement methods include: optimizing the test dataset, adjusting the model
structure(e.g., adding more convolutional layers), etc.

The platform has training time limits; free users can only train for up to 20 minutes;

If unlimited training time is needed, a paid service must be purchased.



6 Model Evaluation

Steps:

1. Click on the left Model testing.
2. Then click Classify all.

3. Begin classifying all the test set data.
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xigorui_01.. xiaorui 15 100% 1 xiaorui i
Get ac igher job
Confusion matrix
XiB0rUi_01...  xidorui 1 100% 1 xiaorui H
noise XIAORUI INCERTAIN
- xigorui_01...  xiaorui 1s 100% 1 xiaorui H - “
= oise o
> A Resume tu

4, After testing, you can view the test results in the Result panel on the right.

xiaorui_01...  xiaorui 1s 100% 1 xiaorui H N

Results Model version: @ | Unoptimized (float32) ~
xiaorui_01...  xiaorui 1s 100% 1 xiaorui H

ACCURACY
. . 4 :
noise_019 noise 10s 100% 9 noise 100.00%
noise_009 noise 10s 100% 19 noise H Metrics for Classifier L
noise 011 noise 108 100% 19 noise i e v
v

Area under ROC Curve @ 1.00

Weighted average Precision @ 1.00

Weighted average Recall ® 1.00

Weighted average F1 score @ 1.00

Confusion matrix

NOISE XIAORUI UNCERTAIN

F1 SCORE 1.00 1.00
Feature explorer @
@ noise - correct ® o)
@ xiaorui - correct ) a @
(]
%o 0 = © P
® ® o o o °® @
) e o
> Resume tutorial
] ° e ® c{-? e 4 4



7 Model Integration
7.1 Generate Model Library File

After the model training is complete, we need to generate a library file that runs on the
Edgi-Talk platform.

Steps:
1. Click on the left Deployment.
2. Search for Arduino library and TensorFlow Lite.

3. Then click Build, and once the build is complete, save the downloaded library file.

mpulse design - zhang rb / test-audic-mode

® MFCC Configure your deployment

® Classifier You can deploy your impulse to any d
with minimal power consumption. Read more.

vice. This makes the model run without an internet connection, minimizes latency, and runs

Deployment target

Model testing ° % Arduino library

Arouno  An Arduino library with examples that runs on most Arm-based Arduino development boards

Ly calibratio
o ¥  Deployment .
Inference engine
b versioning
° TensorFlow Lite -
GETTING STARTED
ﬂ Documenta n

Model optimizations and performance

f TensorFlow Lite -

Model optimizations and performance

Model optimizations can increase on-device performance but may reduce accuracy. Performance estimate for Cortex-M7 216MHz -
Change target

Quantized (int8) MFCC CLASSIFIER TOTAL
LATENCY B5ms. 2 ms. 87 ms.

RAM 15,46 12.0K 15.4K

F 52.0K

URAC

Unoptimized (float32) MFCC CLASSIFIER TOTAL
\' Select ] LATENCY 85 ms ams 8 ms
— RAM 15.4K 349 34.9K

F 59.4

ACCURACY 9aTAT%

To compare model accuracy. run model testing for all available optimizations Run model testing

b “




7.2 Deploy to Embedded Hardware

1. Extract the zip file downloaded from the previous step to get the following file

directory.

&} [ > Downloads > eijolintan528-project-1-arduino-1.0.1-impulse-#1 > jolintan528-project-1_inferencing > src >
0 @D 0] T Sort v = View v

[J Name Date modified Type Size

Today

] jolintan528-project-1_inferencing.h 23-Jul-26 407 PM C/C++ Header 2 KB
edge-impulse-sdk 23-Jul-26 4:07 PM File folder
tflite-model 23-Jul-26 4:07 PM File folder
model-parameters 23-Jul-26 407 PM File folder

2. Get the latest Edgi-Talk dev board SDK, go into the Edgi_Talk_M55_XiaoZhi/edge-
impulse directory, delete the two folders shown in the image below, then replace them
with the two folders from the previous step to replace the modelfiles.

~

G (J > ThisPC > Data(D) > RT-ThreadStudic > workspace > Edgi Talk M55 XiaoZhi > edge-impulse >

8 @D ] N Sort v = View -
O MName : Date modified Type Size
le ala 1 1l oE 1210 Db L £
model-parameters 16-Jul-26 12:19 PM File folder
tflite-model 16-Jul-26 12:19 PM File folder
[] SConscript 16-Jul-26 12:19 PM File 8 KB

3. Compile the Edgi_Talk_M55_XiaoZhi project and flash it onto the dev board.

4. In the Edgi-Talk serial terminal, enter the following command to start the wake word
test:

xz_wakeword_init
xz_wakeword_start

5. Say the wake word to the dev board; the demo here uses "xiaorui "; when the wake
word is spoken, the serial terminal will print a log

msh />xz_wakeword start




Note: If cannot type anything into the terminal, try

2 Console & Terminal 2 - &

« Jolin
Microsoft Windows [Version 10.0.26200.8875]
(c) Microsoft Corporation. All rights reserved.

C:\Users\User>D: /RT-ThreadStudio/plugins/org.rt-thread.studio.serial.putty_1.0.5/putty/plink.exe -serial COMS -sercfg 115200,8,n,1,N

UTF-8

1. Opened the M33 Blink LED project's settings

e Expanded Edgi_Talk_M33_Blink_LED in Project Explorer > opened RT-Thread
Settings.

2. Enabled the CM55 core

o Wentto Hardware tab > SOC Multi Core Mode - checked "Enable CM55
Core".

e Thisisthe critical setting — without it, the M33 firmware boots but never hands
off execution to the M55 core, so your already-flashed XiaoZhi app in external
flash just sits there unused.

3. Built the M33 project

e Setitas active project > built it > got a fresh rtthread.hexin
Edgi_Talk_M33_Blink_LED\Debug\.

4. Flashed it via ModusToolbox Programmer

e Loaded that new M33 hex file (same Programmer GUI settings as before: External
Memory ticked, PSE84_SMIF.FLM flashloader).

e Clicked Connect » Program. This wrote to the internal flash bank
(cat1d.cm33.main_ns, 0x22... region) — the part that was never touched when
you'd only flashed M55 before.

5. Did NOT need to reflash XiaoZhi again

e Because M33 and M55 live in separate flash regions (internal vs. external QSPI),
your earlier XiaoZhi flash was still intact. Flashing M33 with CM55 enabled just
gave it the "green light" to boot into the M55 app that was already sitting there.

6. Reset the board

e Power-cycled / reset > this time the boot sequence ran correctly: Secure M33 >
M33 > M55 started, XiaoZhi Ul initialized, msh /> prompt appeared.

CRIF



